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Offset lithographic printing plates, until several
years ago, used incoherent light sources for image creation
in light sensitive coatings. These light sources are
primarily in the ultraviolet light region. Image creation,
using an incoherent light source, requires either a film
negative or positive and long exposure times. Exposure
time is dependent on the sensitivity of the light sensitive
coating and the light intensity.
In recent years both equipment and plate suppliers
have been working to develop offset lithographic printing
plates which use coherent laser light for image creation.
To date all recorded developments have worked on light
hardening image creation techniques. At present there has
been no recorded effort in developing a thermal curing
technique, using a coherent infrared laser beam, for image
creation. The infrared laser light would be used to
thermal-harden image areas only and leave non-image areas
soft or unexposed. After exposure, non-image areas would
be removed with a developing solvent.
This thesis was conducted to determine if image
creation would be possible based on thermal curing of
a modified phenolic resin. Ten experiments were conducted
to determine the image creation requirements of different
coating formulations and various exposure conditions.
Several coating formulations were used to determine the
optimum coating for thermal curing using a carbon dioxide
infrared laser. Exposure time, exposure speed and light 
intensity (laser output power) were varied to determine 
the effect each has on thermal-hardening of the modified 
phenolic resin coating. 
Experimental results supported the theory that images 
could be created in a modified phenolic resin coating. Both 
halftone dots and solids could be created in the coating. 
Solids required much less energy than halftone dots. It is 
believed that this is due to the poor infrared absorption 
of the coating. Solids received much longer exposure time 
than halftone dots. This longer exposure time enables the 
coating to absorb more infrared light. 
Further studies of the thermal response of the modified 
phenolic resin coating could make the plate a useable 
product in the future. It is believed that the phenolic 
resin coating could become a useable method of image creation 
with further modifications. Infrared absorption of the 
coating must be increased to enable images to be created at 
higher exposure speeds and shorter exposure times. Other 
exposure techniques could also be investigated to reduce the 
amount of energy required to thermal-harden the coating. 
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INTRODUCTION
Until recent years offset lithographic plates have been
exposed by light emitting lamps. These lamps have been
either sealed tubes or open carbon rods. Both types of
lamps essentially have wavelength distributions from the
near ultraviolet through the visual light region. Maximum
energy distribution of these exposure lamps is between the
wavelengths of 147 and 400 millimicrons. Image creation
on offset printing plates is usually accomplished by
exposing a light sensitive coating to the light source.
When this happens the light sensitive coating absorbs the
light energy and becomes insoluble. Hardening only occurs
where light is allowed to pass through the photographic
negative. Unexposed areas remain soft and easily removed
by special developers. This type of plate is negative
working. Positive working plates are available. Coatings
used for positive working plates undergo solubilization
when exposed to ultraviolet light.
In recent years some suppliers have been striving to
produce an offset lithographic plate which is sensitive to
laser emission. These developments are still based on the
light hardening theory. The light sensitive coatings
generally have the maximum sensitivity to light from the
ultraviolet to the blue with almost all response in the
ultraviolet (below 400 millimicrons). Suppliers are
presently active in developing plates which are sensitive
to visual laser emission from either an argon or a helium
neon laser. Argon lasers emit a visual coherent beam of
light with a wavelength of either 488 or 514.5 millimicrons.
Helium neon lasers can also emit a visual coherent beam of
light of 632.8 millimicrons in wavelength. Helium neon
lasers are also manufactured to produce infrared light.
This type of laser could not be used for light hardening
based on a photo-chemical reaction. Most development efforts
are done with the argon laser. The argon laser is closer to
but not in the ultraviolet spectrum. Both types of lasers
are manufactured to produce a beam of light with a close,
wavelength tolerance. Light sensitive coatings would have to
have a maximum sensitivity equal to the laser output. If
the matching of wavelength sensitivity and output is not
possible, exposures would have to be longer in time or
higher in laser output (energy level).
Laser plate makers will have a great many advantages
over conventional plate making methods as the demand for
faster and less expensive materials is made. It is believed
that labor and material cost could be reduced by using a
dual scanning concept. In this concept one type of laser
would scan camera-ready copy and create a digital electronic
signal. This signal would then be used to excite a plate
exposing laser. It is also believed that cost reduction
could be made because of a shorter exposure time. Shorter
exposure times are possible because laser light is coherent,
monochromatic and high in energy. Conventional exposure
lamps have none of these characteristics. To utilize the
advantages of laser light characteristics- exposures would
have to be made in small areas. Exposures would have to be
made with either the light being scanned (moved) or the plate
material being moved. Time required to scan expose a plate
could be compensated with shorter exposure times. Shorter
exposure times mean an increased rate of exposure. Since
the laser is an electronic device it has many other advantages
over conventional methods. Lasers used in plate making
systems could be coupled directly to an optical color
scanner or a computer. Exposure methods such as these could
enable the printer to eliminate the negative making process
and thus reduce both cost and time. Image creation of this
type, in plate making, would also allow the printer to
expose in steps and thus give the printer the option to add
3
headline material at a later date.
Problem
Offset lithographic plates presently used have maximum
sensitivity in or near the ultraviolet region of the light
spectrum. This presents a problem for companies choosing
to manufacture laser plate makers. At present lasers
manufactured to emit a coherent ultraviolet beam of light
are high in cost, low in energy output, unstable as to
operating mode, and have a short operating life.
To date there has been no recorded effort in designing
an offset lithographic plate which uses high temperature
polymerization for image creation. The high temperature
would be used to harden a coating only in the exposed areas.
Areas which are unexposed remain soft and can be removed
with proper solvents. Dr. Silver, of the Rochester Institute
of Technology School of Printing, has designed a modified
phenolic resin coating for printing plates which can be
thermal-hardened using a high temperature heat source. This
coating could be designed to thermal-harden with a temperature
range between
300
- 350F. The heat source, which would
be used for image creation in such a plate, would have to
have a small area. This small area is required to enable the
plate to meet halftone requirements. Fine area requirements
could be met using a high power carbon dioxide laser. Carbon
dioxide lasers are capable of producing a beam of infrared
light which may be absorbed and rapidly increase the
temperature of the modified phenolic resin coating. This
type of laser emits a coherent beam of light with a wave
length of 10,600 millimicrons. Lasers of this type have
been capable of producing spot sizes between 0.001 and
0.040 inches in diameter. Spot size is dependent on many
variables such as beam size, energy level, optics used, and
material absorption of the given light wavelength. High
power carbon dioxide lasers could be capable of producing
a usable image in thermally-hardened modified phenolic
resin coating.
Hypotheses
Before a hypotheses can be formulated several assumptions
have been made. It is assumed that:
1. Images can be created in a thermal-hardening,
modified phenolic coating using a carbon dioxide
laser with manufactured stock optics.
2. Images can be created without damage to the
aluminum base.
3. Images can be created without damage to the
modified phenolic resin coating.
4. Halftone dots can be produced with a high degree
of reliability as to spot size using an electronic
pulser.
5. All images (halftone and line) can be generated
using the same laser power (watts of energy) and
exposure time variation.
6. All halftone dots can be generated with the same
exposure time and aperature with exposure power
variations.
From these assumptions it is hypothesized that insoluble
(hardened) images created by the laser would be both
oleophilic and hydrophobic while solubilized non-image
(unexposed) areas remain hydrophilic after plate processing.
6
Purpose
The design and development of a thermal-hardened
lithographic plate would aid in the advancement of
technology in the prepress area of printing. It would
accomplish this advancement by enabling the printer to
create printing plates from either a computer or a scanning
device. Input copy, used for plate making, could be
stored in the computer memory or in paste up form.
Development of thermo -hardening coatings could also aid
in the advancement of other printing processes such as
gravure and screen printing. This advancement could be
accomplished through use of modified phenolic resins in
the image generation processes. Printing plates based on
the thermo -hardening plate system could be a saving to the
printer and the customer. Characteristics of modified
phenolic resins could also have other benefits to the printer.
It is possible that both shelf and impression life could be
increased with a modified phenolic resin coating. Shelf
life could be increased since such plates would have no
dark reaction (being insensitive to ordinary light).
Impression life could be increased due to the hardness of
phenolic material. Increased hardness would reduce the
wearing of the image.
FOOTNOTES FOR CHAPTER I
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LITERATURE REVIEW
Applications of lasers have traditionally been designed
around light properties. Properties such as wavelength,
absorption and reflectivity have been, and still are areas
of main concern. Until the invention of high power lasers
these properties hindered application development. Since
the invention of the first carbon dioxide laser, in 1968,
4
many new applications have emerged. New applications of
high power lasers deal with material changes which the work
piece goes through. Changes may be a property change such
as solid to vapor or a temperature change.
Materials and their thermal properties can be classified
into three general groups :
a. Properties which directly affect the manner in
which the light is absorbed by the material.
These are the material surface characteristics
such as reflectivity of the surface at the
particular wavelength being used, and the
absorption coefficient of the bulk material.
b. Properties which govern the flow of heat in a
material, specifically thermal conductivity and
diffusivity. In general materials with a high
thermal diffusivity accept and conduct thermal
energy very quickly which favors the weldability
of the material.
c. Those properties which relate the amount of energy
required to cause a desired phase change, such as
melting. These include density, specific heat and
latent heat effect. 5
Group
"b"
enables us to use the thermal properties of
both the coating and the laser. Coating formulation will
better enable us to design the material properties to meet
exposure needs.
In recent years the automotive industry has been de
signing applications which use the thermal properties of
high power lasers. These applications are in the area of
welding and heat treatment of metals. Heat treatment will
only be reviewed in this chapter.
Laser hardening of metals, is the simplest
application in terms of the physical process
involved since it only requires heating the
surface or in other words, some absorption of
the beam. The absorption of the beam in these
metals depends very strongly on the surface
finish and can be enhanced either by roughening
the surface or by coating it with a thin layer
of a highly absorbing material. Heat transfer
is determined by the conductivity of the material,
and the depth and width of the hardened zone for
a particular material is determined mainly by
focusing and beam shape and by the rate at which
the beam moves over the surface. 6
Both Ford Motor Company and General Motors Company are
investigating heat treatment applications within their
companies. Ford Motor Company is presently able to
harden the inter bore of valve guides. They accomplish
this by directing a 400 watt carbon dioxide laser beam into
the bore using a copper mirror. The copper mirror is then
rotated into the bore. General Motors has three applications
which they have perfected. The first application is the
case hardening of cast iron gears. Cast iron gears can be
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hardened to a 60 rockwell c hardness to a depth of 0.020
inches deep. General Motors was able to harden this gear
in 10 seconds using a ten kilowatt laser. Application
number two, of General Motors, is the hardening of cam
shaft lobes. In this application each lobe could be
hardened in 12 seconds using a six point five kilowatt
laser. General Motors' final application is the hardening
of valve seats in cylinder heads of engines*. Each valve
seat took 10 seconds using a three point five kilowatt
laser.
Applications such as those of Ford and General Motors
demonstrate that the carbon dioxide laser can create a
thermal change in a short-time period. In the automotive
manufactures'
applications heat treatment only occurred in
the exposed areas with little or no distortion in other areas
of the parts due to unwanted heat exposure. Applications
such as these implies that a thermal change required to
thermal-harden a modified phenolic resin, with a carbon
dioxide laser, is possible. It also implies that the
thermal change can also occur without affecting undesired
areas such as non-image areas on a printing plate.
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COATING FORMULATION AND PRELIMINARY TEST RESULTS
A series of preliminary studies were run on several
coating formulations before laser exposure experiments. In
these studies the samples were tested for two properties:
thermal cure, and oleophilic properties. Preliminary studies
were performed on three combinations of phenolic resin and
poly( ethylene oxide) applied as coatings. Phenolic resin
coatings were made by dissolving Bakelite phenolic resin
o
BRN-2120^
in dimethylformamide. Each of three coatings
contained different amounts of phenolic resin. A poly
(ethylene oxide) coating was made by dissolving poly( ethylene
oxide) in dimethylformamide. Materials used in each for
mulation were weighed using an analytical balance and mixed,
with a laboratory blender, at a speed of 13.000 rpm.
Combinations of the three phenolic resin coatings and the
Polyox coating were weighed using an analytical balance
and then mixed by hand. Each of the combinations were
coated on anodized aluminum using a plate whirler. Plates
were coated at 120 rpm. Samples were air dried without use
of the whirler drying element. Phenolic resin coated
plates exposed to the drying element thermal cure and
become insoluble.
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Coated aluminum sheets were cut into oven sample sizes
of one inch by two inches. Each combination of the phenolic
resin coating was exposed to heat produced by an electric
oven. Exposure times were between zero and twenty minutes.
Samples were placed in the oven one at a time. This single
exposure assured that each sample began at the same temper
ature and received energy at the same rate during exposure.
All samples were exposed to a temperature f l60C .
Oven samples were then developed by placing them into
dimethylformamide (DMF). Coatings which did not thermal-
harden were softened by the DMF and removed from the
aluminum base. Hardened coatings, untouched by the DMF,
remained attached to the aluminum.
When time exposure series and development was completed
on each coating formulation, samples were tested for their
oleophilic properties. These properties were tested by
wetting each sample with a gum solution and applying rub
up ink. Samples which did not thermal cure were hydrophilic
and repelled the applied ink. Thermal-hardened samples
resisted the gum solution and attracted the ink. Thus
being both oleophilic and hydrophobic. The time at which
the plate became oleophilic was the exposure time for that
coating formulation.
Coating Formulation
Three phenolic resin coatings were formulated to
14
determine the effect of resin concentration on thermal cure.
Solution concentration, of the phenolic resin, was changed
by increasing the percentage of phenolic resin in the
resin/DMF solution. Percentages used for testing were 5$,
10$ and 15$. The percentage of phenolic resin equaled the
phenolic resin weight, in grams, divided by the composite
weight, in grams, of the resin/DMF solution.
The poly( ethylene oxide) coating was made by dissolving
two grams of Union Carbide Polyox WSR-301 in one hundred
cubic centimeters DMF. This solution was mixed in various
amounts with the three phenolic resin solutions. Various
amounts of the Polyox solution were mixed dth the phenolic
resin solutions to determine its effects on thermal cure.
Polyox effects the phenolic resin solution in two ways.
First it increases the solution viscosity. Increases in
viscosity increase the coating thickness due to the
resistance to flow. The amount of energy required to cure
the phenolic resin may increase as the coating thickness
increases. The change in energy equals the specific heat
times the material mass times the change in temperature.
A change in thickness means a change in mass. Thus
changing the amount of energy required to thermal cure.
The second effect Polyox would have on the phenolic resin,
is a change in its oleophilic properties. A straight
Polyox solution coated on aluminum is hydrophilic. By
15
adding Polyox to the phenolic resin the oleophilic properties
of the resin changes.
Coating formulations used for preliminary testing are
shown in Table 1. Both ratio and percentage of phenolic
and Polyox are shown in this table.
16
FORMULATION OF POLYOX SOLUTION WITH EACH
























The amount of time required to cure or harden the
coating is proportional to the concentration of phenolic
resin in coatings containing phenolic resin only. As the
amount of phenolic resin in a solution increases the amount
of time required to cure coatings prepared with these
solutions increases. A 5$ solution requires 1 minute
exposure, 10$ requires 12 minutes and 15$ Requires 17
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Figure 1
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Affect of Polyox on Cure Time
Cure time was effected by Polyox in all three phenolic
resin solutions. In all three phenolic resin coatings the
time required to harden the coatings increased as the amount
of Polyox used, in the phenolic resin/Polyox solution,
increased: Oleophilic properties of the phenolic resin
compound were unaffected except for the 15$ phenolic resin
solution. When the concentration of Polyox was 3$ or
greater, when the 15$ phenolic resin solution, cure took
place but the coating was hydrophilic. It is believed that
the coating could be hydrophilic due to a heavier coating.
Figures 2, 3, and 4 show the affect of Polyox on cure time.
It was concluded that a ratio of 10 parts of a 5$ phenolic
resin solution mixed with one part Polyox solution would
thermal cure with laser light. After a visual surface
inspection, of the various concentrations of Polyox in
the 5$ phenolic resin solution, the 10:1 ratio provided
the smoothest coating surface without affecting thermal
response. The Polyox in this solution had little or no
affect on the thermal response of the phenolic resin. This
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Note: Cure occurred beyond
the 1.5$ concentration.
However the coating was
not oleophilic
z
15 20 Cure Time
(minutes)
Percent Concentration of Polyox in 15$ Phenolic Resin versus
Cure Time at l60C
Figure 4
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FOOTNOTES FOR CHAPTER III
9. Trade mark of Union Carbide Corporation




Laser testing began by coating anodized aluminum
plates with the modified phenolic resin coating. The
coating formulation used was 10 parts 5$ phenolic resin
solution to 1 part poly(ethylene oxide) solution which when
coated on plates (after drying) equals 98.6$ phenolic resin
to 1.4$ Polyox. Coated plates were cut into sizes of two
inches by two inches. This sample size was selected for
ease of handling during laser exposure and post testing.
A 250 watt carbon dioxide laser was used. This laser
is a model #41 made by Coherent Radiation Corporation of
Palo Alto, California. It has a circulating three gas
lasing medium. Gases used for this model are nitrogen,
carbon dioxide, and helium. Output, of the model #41, can
be either continuous wave (cw) or pulsed and can have a
power range between 30 and 250 watts. Pulsed operation is
achieved by switching current on and off with a counting
device. This device can generate laser pulse lengths
between 0.1 milliseconds and 10 seconds. Laser output
power is adjusted by changing the current used to ionize
the gas medium. Output power changes are measured with
a thermopile and readout meter. The output of the laser is
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an 8 millimeter column of light. This beam is unuseable
because of its large size. Two types of lenses were used to
convert the output beam into a small spot size. The first
lens used had a 1.5 inch focal length with an effective
spot size of 0.006 inches in diameter. Lens number two had
a 5 inch focal length and a effective spot size of 0.020
inches in diameter.
To determine the coating and exposure system latitude,
exposures were made under varied conditions. Samples were
exposed with the samples moving at different but constant
linear speeds, variation of laser output power, lenses, and
pulse duration. Changes in speed of movement of samples and
output power were made to determine the optimum exposure
speed at which image generation can be made. Optimum speed
is the fastest sample speed (shortest exposure time) needed
at the minimum amount of output power. Pulse duration is
determined by the
lens'
theoretical spot size and the speed
which the sample is moving past the laser light. Any changes
in theoretical spot size means a change in energy per square
inch. Laser output (watts) is the same for both lenses. As
spot size increases watts per square inch decreases and thus
changing laser exposure curing specifications.
Samples exposed to the laser beam were developed with
DMF. They were then tested for their oleophilic properties
as outlined in the previous chapter. Laser exposed samples
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that were oleophilic were measured for either their diameter
spot size or line width. Measurements were made using a
thirty power optical comparitor.
Experiment 1: Diameter Spot Size versus Time
Experiment number one was run for two purposes. First
was to test if an image can be generated, with a carbon
dioxide laser in a modified phenolic resin. The second
*
purpose was to get a rough idea as to how much time is
required to generate the image. In this experiment the
exposure speed was zero (sample stationary) and the laser
output power constant at 200 watts. A 1.5 inch focal length
lens was chosen, for this experiment, because of its small
spot size and higher energy level per square inch. It was
believed that there would be enough energy available with
the combination of 200 watts and the small exposure area
produced by the 1.5 inch lens. The only variable in this
experiment was exposure time. Exposure times used were:
4, 6, 8, 10, 20, 30, and 40 milliseconds.
Results of the experiment demonstrated that images
could be generated in the modified phenolic resin with the
carbon dioxide laser. Spot sizes, created in this experiment
ranged between 0.004 and 0.085 inches in diameter, after
development. The 0.004 inch diameter spot was generated at
the 8 millisecond exposure. Damage to the aluminum base
material occurred with exposure times of 10 milliseconds or
26
greater. The aluminum began to deteriorate in the form of
melting at a 10 millisecond exposure. Figure 5 is a curve
plotting average spot size (diameter) produced on the plate
versus exposure time. Spots created on each exposure time
sample were measured for their diameter. Sizes were
measured with an optical comparitor. In the curve (Figure 5)
the sudden change in spot size can be seen when the aluminum
began to melt. This spot size change is assumed to occur
because of the increased temperature of the aluminum. Pure
_ ip
aluminum has a melting temperature of 1220 F. Areas
where the modified phenolic resin cured, by the laser light,
changes in visual appearance. The resin changed from a
semi-clear color to an opaque brown color. This change could
be caused by the high temperature caused by the absorption
of infrared laser light. It should be noted that a surface
cure, of the resin, may have occurred below the 8 millisecond
exposure. The surface cures may have been removed by the
solvent used during plate development. The phenolic could
harden on the surface layers of the coating and leave
remaining layers uncured. These uncured layers could be
removed during development. Hardened layers would then
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Experiment 2: Diameter Spot Size versus Output Power
In this experiment a pulsed exposure was used with the
sample traveling past the laser beam at a constant speed.
Power was the only variable in the experiment. Output
powers used were: 50, 100, 150, 175, and 200 watts. The
purpose of Experiment 2 was to determine if change in the
resin or the aluminum would occur with a dynamic exposure.
Experiment 2 would also help determine if halftone dots
could be generated with reliability. After completion of
other experiments this data could be compared for exposure
power requirements.
The spot size standard for this experiment and others
to follow will be the lenses theoretical spot size. This
standard was chosen because a lens theoretical spot size
is what the particular lens is capable of producing with the
proper power, material absorption, and focusing. These three
factors effect the spot size diameter differently. Power
can effect spot size in two ways. First the beam diameter
increases as the energy level increases. Second the energy
intensity across the beam diameter has a gaussian distribution.
The greatest intensity is in the beam center. Factor two,
material absorption and thermal conductivity, effect the
created spot size. The more energy that is absorbed and
conducted through the material the greater the spot size
diameter will be. Factor three, focusing, can make the beam
large (out of focus) or small (in focus). Focusing errors
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were reduced by focusing the beam on a phosphorescent
material prior to experimentation. This material enables
the experimentor to see the infrared laser light.
In Experiment 1 a 0.006 inch diameter spot was ob
tained with a 10 millisecond exposure at 200 watts. This
0.006 inch diameter spot equalled the theoretical spot size
of the lens used. The 10 millisecond exposure made, in
Experiment 1, damaged the aluminum. It was .concluded that an
exposure of 10 milliseconds would be the best starting time
for the dynamic studies. It was chosen because it was
assumed that melting damage could be reduced with less power
and with a dynamic exposure. Using this exposure time and
the lens theoretical spot size, of 0.006 inches in diameter,
the exposure speed can be calculated. By inserting this
data into the equation: exposing speed (ft. /min.) =
theoretical spot size (inch)/0.2 x exposure time (seconds) ,
and exposing speed can be determined. A speed of 3.0 ft. /min.
was calculated with the above data.
When the experiment began a constant speed of 3*0 ft./
min. could not be obtained with the constant speed device
used. This device is a special designed machine which has
a servo driven endless flat belt. The belt used was long
in length to enable the sample to accelerate up to desired
speed and stabilize at that speed prior to laser exposure.
Belt speeds were adjustable between speeds of 33 and 1000
30
ft. /min. A speed of 3.3 ft. /min. was used for this
experiment. The exposure time of 10 milliseconds was
used knowing that it would produce an oval spot since
the exposure time was greater than that required for this
speed.
Spot sizes created were between 0.007 and O.O36 inches
in diameter. The 0.007 inch diameter spot was produced with
50 watts of power. Several spots produced art 50 watts were
extremely small and not oleophilic . It is believed that
these spots were created with the laser not operating
within the exposure requirements. Figure 6 is a plot of
the experimental results. Figure 6 plots average diameter
spot size versus output power. Data plotted is the width
of the oval spot created. In the curve the relationship
between output power and average spot size is linear except
for the 100 watt exposure. Each exposure at the 100 watt
exposure level had two exposed areas next to each other.
This caused the spot size to be larger than it would
normally be. It is believed that the double spot was caused
by the laser being out of the TEM operating mode (improper
reflector adjustment).
Results of Experiment 2 demonstrated that halftone
dots could be created without damage to either the modified
phenolic resin coating or the aluminum base material. It is
believed that both shadow and highlight dots could be made
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Experiment 3: Line Width versus Output Power
This experiment is designed to determine if solids can
be created by using the continuous wave mode of the laser.
It will also help determine if solids require the same energy
level as highlight halftone dots. Exposure time for this
experiment is continuous with an exposing speed of 3.3 ft./
min. A 1.5 inch focal length lens was used. The only
variable in this experiment was the laser output power.
Output powers used were: 50, 100, 150, 175. and 200 watts.
Figure 7 is a curve which plots laser output power
versus average line width in inches. Line width was measured
using an optical comparitor on the plate after development.
50 watts produced an average line width of 0.010 inch.
Exposures at 150 and 175 watts caused the aluminum to be
come annealled. These exposures did not damage the modified
phenolic resin coating. It is believed that the anneal
temperature caused the sudden increase in line width in the
curve in Figure 7. Exposures made using 200 watts vaporized
the modified phenolic resin coating and melted the aluminum.
Experimental results demonstrated that solids could be
created with the lasers continuous wave mode. Solids did





Average Line Width versus Output Power
Figure 7
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Experiment 4: Diameter Spot Size versus Output Power
Experiment 4 was a replica of Experiment 2 except for
the exposure time. In Experiment 4 an exposure time of 9-5
milliseconds was used. The shorter time was used to elimi
nate the creation of oval dots. In this experiment the speed
remained at 3.3 ft. /min. with a 1.5 inch lens. Output power
remained the variable.
With the shorter exposure time the results have changed
considerably. Image creation did not occur until 100 watts.
At 100 watts an average spot was 0.003 inches in diameter
was obtained. The diameter spot size versus output power
curve in Figure 8 shows a linear size increase as power in
creases until 175 watts. Spots created at 175 and 200 watts
declined in size. It is believed that this was caused by an
improper mixture of the laser's lasing gases. An improper
gas mixture would prevent the population inversion required
to produce the high energy requirements that are desired at
these laser output powers. Improper gas mixtures could also
cause increased power requirements for thermal curing of
the phenolic resin coating.
Samples exposed in this experiment were developed in
DMF as previous experiments. Exposures made on each sample
and output power level were measured for their diameter using
the optical comparitor. Measurements made at each power
level were rounded off to the nearest i thousand of an inch
and recorded in frequency histograms. Two or more coated
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material samples were exposed at each power level. The
sample material was randomly selected from a large pile of
coated samples. Each sample may not come from the same
coating or the same area within that coating. Exposures
made on each sample were made on approximately inch
centers across the 2 inch sample width. One or more exposure
passes were made on each sample. This exposure method was
used to help determine the effect of coati/ig thickness on
spot size. It was believed that coating thickness would
remain the same from sample to sample as well as coating to
coating. Each power level has it's own histogram. Figures:
9, 10, 11, 12, and 13 are frequency histograms of diameter
spot size at the various power levels. It is believed that
the wide distribution of sizes, for each power level, is
due to the variations in coating thickness. If this were
true, coatings would have to be made with a higher degree
of precision. In the event the variation were caused by
the laser a solid state laser like a Yag laser would have
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Experiment 5: Diameter Spot Size versus Output Power
Number 5 experiment is a replica of Experiment 4
except a different lens was used. In this experiment a
5 inch focal length lens was selected with an effective
spot size of 0.020 inches in diameter. An increase in
spot size changes both the energy per square inch and the
laser exposure time. Using the lens data and exposure speed
the exposure time would be 15 milliseconds. This exposure
time was calculated using the equation stated in Experiment
2. A longer focal length lens was selected for three
purposes. First to determine the difference in the amount
of energy required to cure the modified phenolic resin.
Second to see if the color change of the phenolic resin (due
to laser exposure) could be reduced, and third to see if
small spots ( 0.005 inches in diameter or smaller) could be
created with the larger lens. Laser power was the only
variable in this experiment. Powers used were: 50, 65, 70,
75, 80, 85, 90, 95, 100, 125, 150, 175, and 200 watts. A
3.3 ft. /min. exposure speed was used.
Data collected from this experiment supported the
theory that more power would be required to reproduce the
lenses theoretical spot size. The 5 inch focal length lens
required 145 watts to reproduce it's theoretical spot size
as compared to 125 watts for the 1.5 inch lens. Energy
increases were not proportional to increases in the exposure
area. The area of the 5 inch lens was approximately four
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times greater than the 1.5 inch lens and only required 20
more watts. It is believed that this energy reduction per
square inch is due to the longer exposure time. A longer
exposure time allows more atoms to be excited in the laser
during the population inversion of the lasing medium.
Results also showed that color change of the phenolic
resin, caused by laser exposure, could be reduced. Samples
exposed to the laser, in this experiment, turned from a semi
transparent clear color to a transparent tan color. Results
also demonstrated that small images could be created using
the laser lens. A 0.004 inch diameter spot was created with
75 watts. It is believed that the capability of producing a
small spot with a long focal length lens is possible because
of the gaussion distribution of energy across the beam. In
creases in spot size are somewhat linear with increases in
laser power. Figure 14 is a curve which plots diameter spot
size versus laser power. The linear affect can be seen in
this curve. Similar to Experiment 4 spot size dropped off
when power reached 175 watts output.
This experiment used the same method of selecting samples
and exposing them. The same distance was used between ex
posures. Each exposure made at each power level was developed
with DMF and measured for diameter size using an optical
comparitor. Measured results were recorded in their
respective frequency histograms. Each power level has a
histogram. Histograms were not made for power levels which
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did not produce images. Figures 15 through 24 are frequency
histograms for the various power levels. When a comparison
is made between the histograms generated by Experiment 4
and 5 there is little increase in the distribution range of
possible sizes produced. The range in both experiments is
approximately 0.004 and 0.006 inches. If the laser were
causing the wide range, as seen in the histograms, a bigger
change would have occurred between the two experiments when
the longer exposure time was used. The comparison supports
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FOOTNOTES FOR CHAPTER IV
12. Oberg, Erik, Machinery's Handbook, Industrial Press
Inc., 1969, pg. 2074.
13. Equation derivation in Appendix.
*
14. Continuous Wave Mode (cw) - continuous output with
constant power.
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FORMULATIONS DESIGNED TO REDUCE ENERGY REQUIREMENTS
Formulation to Increase Infrared Absorption
Two attempts were made to increase the infrared
absorption of the modified phenolic resin by adding 2.5$
carbon powder to the mixture. The same ratio of phenolic
resin and Polyox was used as in the previous laser exposure
experiments. In the first attempt the carbon was added to
the phenolic resin and Polyox and dissolved in DMF. The
new formulation was placed in the blender and mixed at
13,000 rpm for 45 minutes. When the new formulation cooled
to room temperature anodized aluminum plates were coated
and air dried. After the coating dried it had a very course
texture. It is believed that the texture was caused by
the carbon particles joining together in small groups. The
joining together of the particles would occur if the carbon
did not wet with the balance of the solution.
A second attempt to add the carbon powder to the
modified phenolic resin coating. In this attempt the
carbon powder was ball milled together with DMF for a period
of 24 hours. A ratio of one part carbon to three parts DMF
was used. When ball milling was complete the carbon/DMF
mixture had a consistency of paste. The ball milled mixture
was then added to the phenolic resin/Polyox mixture and
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blended for 30 minutes. When the solution cooled it was
coated onto the anodized aluminum plate. Upon completion
of drying this coating also had a course texture. The dried
texture of the ball milled coating was much smoother than
the blender mixed coating.
A third attempt was never made because of the amount of
time and materials used. It is believed that the wetting
could be eliminated if Polyox were to be added to the ball
milling solution.
Formulation Designed To Increase Thermal Response
Since the attempt to make a more infrared absorbent
coating failed it was believed that a more heat reactive
coating could reduce energy curing requirements. To make the
phenolic resin/Polyox solution more heat reactive the coating
had to become either acidic or alkaline. The basic phenolic
resin/Polyox solution, used in previous laser exposure
experiments, had a pH of 5- To determine the pH of the
solution, the same ratio (as used in previous laser experiments)
of phenolic resin and Polyox was dissolved in DMF and water-
Water replaced 80$ of the DMF used in previous solutions.
Dr. Silver, of the Rochester Institute of Technology School
of Printing decided that it would be best to have the
solution go alkaline and to a pH of 11. Sodium hydroxide
was added to the 80$ water modified phenolic resin solution
to determine the quantity required to produce a pH of 11. A
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new coating was now made by making the same phenolic
resin/Polyox coating used in previous laser experiments.
When the blended coating reached room temperature the
0.2 grams sodium hydroxide was added. If sodium hydroxide
is added to the mixture during blending the phenolic
resin will thermal-harden. Thermal-hardening occurs
because of the heat generated during blending.
The alkaline phenolic resin/Polyox solution was coated
onto anodized aluminum plate material. Coated aluminum
plates were then cut into experiment sample sizes of one
inch by two inches . A preliminary experiment was run to
determine the thermal response of the alkaline 5$ phenolic
resin/Polyox coating. Thermal response was determined by
placing the samples into a l60C electric oven for different
time intervals. Samples were then developed and tested for
their oleophilic properties. Thermal cure, of the phenolic
resin, occurred at a forty second exposure. When a com
parison was made, between the alkaline and standard 5$
phenolic resin/Polyox solutions, it was determined that
the alkaline coating was 43$ more heat reactive. A series
of experiments were now conducted to determine the coating
response to infrared laser light.
Experiment 6: Diameter Spot Size versus Exposure Time
Experiment 6 has two purposes. First it was performed
so a comparison could be made between the pH 5 and alkaline
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phenolic resin coatings. The second purpose was to determine
if faster exposure speeds could be made. Faster speeds
would be determined by shorter exposure times. If the
shorter exposure times were possible, speed latitude ex
periments could be conducted later.
In this experiment exposures were made with the sample
material stationary or a speed of zero. An output power of
200 watts was used with a 1.5 inch focal length lens.
Exposure times varied between 2 milliseconds and 30 milli
seconds. This experiment is a replica of Experiment 1
except more exposures were made below 10 milliseconds.
Samples were developed in DMF, tested and measured using
the same methods in Experiment 1.
Image creation in Experiment 6 began at the 4 milli
second exposure. An average spot size of 0.002 inches in
diameter were created at 4 milliseconds. A linear rate of
increase in diameter spot size versus exposure time remained
constant until the 20 millisecond exposure. At 20 milli
seconds the spot size grew at a more rapid rate. The affect
can be seen in the curve in Figure 25. It is believed that
this sudden change in size is due to a slight melting of the
aluminum. Beginning at the 20 millisecond image a 0.002 inch
diameter hole was melted in the aluminum. Figure 25 is a
curve which plots diameter spot size versus exposure time.
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When a comparison is made between Experiment 1 and 6
three changes have resulted. The first change is that a
smaller diameter spot can be created in the alkaline coating
with the laser. In Experiment 1 the smallest diameter spot
produced was 0.004 inches. A spot size of 0.002 inches in
diameter was created in the alkaline coating in Experiment
6. It is believed that a reduction in spot size could be a
result of one or more causes. The first cause being that
the alkaline modified phenolic resin coating is more tem
perature reactive. The second cause being an increase in
infrared absorption has taken place and third changes in
laser characteristics may have caused a reduction in beam
size. Thus changing the effective spot size produced by
the laser output lens. Gas mixture changes in the laser
could cause a reduction in the atom population inversion
which can change the output beam diameter.
The second change which has occurred between the coatings,
is an increase in the ability of being able to produce
small spot sizes. Small changes in time do not cause large
changes in size as in Experiment 1. Figure 25 shows that
increases in diameter spot size with exposure time are not
as rapid as in Experiment 1. It is believed that two
possible causes could create this change. The first cause
is that the insulation or thermal conductivity properties
have changed when the response temperature was reduced.
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Second, laser characteristic changes have caused response
changes.
The third change in the coatings, is a shift in the
time required to melt the aluminum. In Experiment 1 the
aluminum melted at 10 milliseconds and in Experiment 6 it
melts at 20 milliseconds. Causes could be changes in
insulation properties, lens focusing, or laser character
istics.
The most probable cause for the three changes would be
changes in laser characteristics. As seen in previous
laser exposure experiments (except Experiment number 1,
2, and 3) output power dropped off at 150 watts. This
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Experiment 7: Diameter Spot Size versus Output Power
This experiment is a duplicate of Experiment 4 except
the alkaline modified phenolic resin coating was used. The
purpose of this experiment was to determine if the thermal
response, of the coating, has changed with a dynamic ex
posure. Data from this experiment will be compared with
the data of Experiment 4. Exposure data used in Experiment 4
was used for this one. It was believed that any changes in
laser characteristics that occurred in Experiment 4 would
occur in this experiment because of a one day time interval
between experiments. A 1,5 inch focal length lens was used
with a 33 ft. /min. exposure speed. Power variations were
between 50 and 200 watts. Exposure time was 9. 5 milliseconds.
Fewer samples were made due to the lack of experimental
time available.
A comparison of results from both Experiment 4 and 7
shows little change in the response curves of the two coat
ings. Figure 26 is the plotting the diameter spot size,
created in the alkaline modified phenolic resin coating,
versus exposure. In Experiment 4 a 0.003 inch diameter spot
was created with 100 watts of power. A 0.0045 inch diameter
spot was created with 100 watts in the alkaline coating. It
was believed that the same number of samples were made, for
Experiment 7 as made for 4, the difference in spot size at
100 watts would be smaller. Due to the results of this
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experiment it was believed that the changes between Experiment
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Experiment 8: Diameter Spot Size versus Exposure Speed
Since there was little change in the thermal response,
in the alkaline modified phenolic resin coating, there
would be no benefit in conducting a lengthy experiment to
determine reliability. This experiment was conducted to
determine the effects of exposure speed on spot size.
Results of this experiment would be compared to the results
of Experiment 4 and 7 to determine if speed .does affect
diameter spot size. In this experiment an exposing speed of
6.6 ft. /min. was used. This speed is double the speed used
in Experiment 4 and 7. Laser output power was variable
between 50 and 200 watts. The lens used in experimentation
has a 1.5 inch focal length lens. A 4.5 millisecond ex
posure time was calculated using the equation stated in
Experiment 2.
When samples were developed only two power levels
created thermal cured images: 150 watts produced a spot
0.003 inches in diameter; 175 watts produced a 0.0025 inch
diameter image. It was believed that spot sizes began to
decrease at 175 watts as in other experiments. The 0.003
inch diameter spot was used for comparison between the two
exposing speeds. When the comparison
is made between this
experiment and Experiment 4 it can be seen that a pro
portional relationship does not exist between exposing
speed and power. Experiment 4 required 100 watts to harden
a 0.003 inch diameter area compared to 150 for this
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experiment. If a proportional relationship existed a
doubling of exposing speed would require a doubling of
exposing power. If the limited number of samples taken if
representative of the coating response it could be stated
that a 100$ increase in speed requires a 50$ increase in
power.
Another comparison can be made, between Experiment 4
and 8, by calculating the energy per pulse (joule) emitted
by the laser. This comparison can be made by using the
equation which states that maximum power (watts) times
pulse duration (seconds) equals energy per pulse (joule).
*
Ninety five hundreths of a joule would be required to
produce the 0.003 inch diameter image at 3-3 ft. /min and
O.675 joules would be required for 6.6 ft. /min. In this
comparison it can be seen that the total energy required
to harden the resin, decreases as speed increases. It is
believed that this would be true because the coating has
more exposure time to absorb the infrared light energy.
The longer time also allows more lasing to occur within
the laser cavity.
Experiment 9: Diameter Spot Size versus Output Power
This experiment has a dual purpose. Its first purpose is
to test the possibility of forming circular spots at an in
creased speed with excess exposure time. The second purpose
is to determine if speed increases can be compensated for by
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a small increase in exposure time and power. If a comparison
is made between the power required to produce a halftone
dot and a solid image, it would be found that solids
require much less energy. A 0.010 inch diameter spot
requires around 160 watts while the same width solid requires
50 watts. This comparison was made between Experiment 3 and
4. The difference, between the two, is that the laser is
pulsed to produce the halftone while the laser was operated
in a continuous wave mode for the solid and thus giving a
longer exposure time.
In this experiment an exposure speed of 5>5 ft. /min.
was used with an exposure time of 9. 5 milliseconds. Normal
exposure time for this speed would have been 5-4 milli
seconds. With the longer exposure time the theoretical spot
size would have an oval shape 0.006 inch wide by 0.011 inch
long. A 1.5 inch focal length lens was used for this
experiment. Exposure powers range between 50 and 200 watts.
Experimental results proved that it is possible to
produce circular spots with a higher speed and longer ex
posure time. The curve (Figure 27) plots average circular
spot size versus laser power. Results also support the theory,
of the second purpose, that compensation can be made for
speed. A comparison of Figure 8, Experiment 4, and Figure 27
show that speed can be compensated for entirely with time,
when creating spot sizes smaller than 0.006 inches. In
Experiment 4 a 0.005 inch diameter spot required 100 watts.
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Experiment 9 only required 100 watts for the same size with
the increased speed. Spot sizes greater than the 0.006
inch diameter did require more energy. Spot sizes did
not increase when the 175 watt level was reached. According
to the equation stated in Experiment 8 increases in time















Diameter Spot Size versus Output Power
Figure 27
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Experiment 10: Exposure Speed Versus Line Width
Experiment 10 was conducted to determine how exposure
speed affects line width or creation of solids. This ex
periment has three levels which will be combined to
establish a better understanding of how speed affects the
creation of images. Level one will be Experiment 3 where
samples were exposed to various continuous wave output powers
at an exposure speed of 3-3 ft. /min. The sjscond and third
levels were run under the same conditions except the speed
was increased. Level number two had an exposure speed of
5.5 ft. /min and level three had 11 ft. /min. In all levels
a 1.5 inch focal length lens was used.
Results of experiment level one were outlined under
Experiment 3- The curve (line width versus output power for
3.3 ft. /min., Figure 7) generated in Experiment 3 will be
reproduced in this chapter so comparisons can more easily
be made. Figure 28 is a reproduction of Figure 7-
Level two's results showed a much more rapid increase
in line width with a smaller increase in power. In level 1
and 2 a 0.010 inch wide image was created with 50 watts of
power. Line width differences between the two levels became
larger beyond the 5 watt power level. Data collected in
level two is plotted in the curve in Figure 29. Line images
were created at 100 watts with an exposure speed of 33 ft./
min. had a size of 0.025 inches, while the same power created
a line width of 0.150 inches with a speed of 6.6 ft. /min.
64
In this experiment the aluminum became annealled at 125
watts. One hundred, twenty-five watts did not destroy the
modified phenolic resin coating, but caused the aluminum to
become soft and weak in the exposed area. Slight bending of
the aluminum occurred at the point of exposure. Exposures
made with 175 and 200 watts caused the modified phenolic
resin to vaporize and melting of the aluminum to occur.
Images created in level 3 were smaller at low powers
and larger at high powers. Exposures at the high powers did
not damage either the coating or the aluminum. Because there
was no damage, to either material, the rate of increase was
linear between size and power. Figure 30 shows the re
lationship between size and power.
To make a comparison between the three experimental
levels, results were plotted in the same chart (Figure 31).
When this is done it can be seen that results collected at
the 5.5 ft. /min. speed are improper. At this speed sizes
should be between the other two experimental levels. Com
parisons between the 3-3 and 11 ft. /min. speeds show that
size becomes smaller as speed increases. This
comparison
can only be made at energy
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FOOTNOTES FOR CHAPTER V
15. GTE Sylvania Co., Laser Calculator, 1970
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CONCLUSION AND RECOMMENDATIONS
Experimental results demonstrate that a modified phenolic
resin can be thermal-hardened using a coherent infrared beam
of light emitted by a laser. Ten experiments were conducted
to determine exposure requirements and latitudes. These
experiments were also run to test the hypotheses. Exposure
parameters were changed during experimentation to determine
their effects. Parameters changed were: exposure speed,
exposure time, lenses, and laser output power.
The hypotheses: Insoluble images created by the laser
would be both oleophilic and hydrophobic while solubilized
non-image areas remain hydrophilic, is accepted as a result
of ten experiments. Results from the testing showed
that halftone highlight dots could be created with 50 watts
power at 3-3 ft. /min. and with an exposure time of 9-5
milliseconds. Speed increases required more energy. The
results also showed that solids could be created with far
less energy than halftone dots. Results also determined
that small halftone dots could be created with large diameter
focal length lenses.
The thermal-hardening of lithographic plates could be
a useable product in the future. It requires study in the
area of infrared absorption. Modifications in the formulation
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could be made to increase the absorption characteristics.
Experiments should also be conducted with a continuous wave
laser with a scanning device attachment. This would be an
optical means of pulsing the laser. By using the scanning
device it could be possible to increase the exposure speed.
Other experiments should be conducted using a C02 laser
with a gas mixer, a Q switching reflecting attachment, or a
Yag laser. Absorption changes and further laser ex
perimentation would lead to reduction of power requirements
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Theoretical Spot Size (inch)
Exposure Time (seconds) =
0.2 x Exposing Speed (ft. /min.)
Exposure Time - The amount of time, required for the
sample to travel the distance of the
theoretical spot size.
Theoretical Spot Size - Size which the lens is capable of
producing.
0.2 - constant - Conversion constant for changing
units of exposure speed from ft. /min.
to inches/second.
Exposure Speed - The distance traveled by the sample
in a period of time.
Exposure time is a percentage or segment of the time
required for the sample to travel from point
"A"
to "B".
An example: the sample is moving at a speed of 10 ft. /min.
Therefore the sample moves 10 feet in one minute. The
equation for percentage states that percentage equals the
part divided by the whole. In this equation the theoretical
spot size is the part or segment of the whole or exposure
speed. The whole in the equation is exposure speed being the
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total distance traveled in some time period. A constant is
used to convert the units of exposure speed (ft. /min.) to
inches/second. This constant enables the units to cancel
and have exposure time in seconds. In this example if the
theoretical spot size is 0.010 inches the exposure time
would equal 0.005 seconds.
